Abstract: Spatial accessibility of dental care is mediated by dentist workforce availability and travel costs. In this study, we generated dental service areas through small area analysis of Medicaid administrative data and claims. Service areas were then used to assess dimensions of spatial accessibility, including dentist-to-population ratios, and examine relationships in geographic variation of routine dental care among Medicaid-enrolled children. Our findings indicate significant geographic differences in accessibility for Hispanic children compared to other children, even after controlling for individual and service area characteristics. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 1 Geographic variation of dental utilization among low income children 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 2 ABSTRACT (100 words) Spatial accessibility of dental care is mediated by dentist workforce availability and travel costs. In this study, we generated dental service areas through small area analysis of Medicaid administrative data and claims. Service areas were then used to assess dimensions of spatial accessibility, including dentist-to-population ratios, and examine relationships in geographic variation of routine dental care among Medicaid-enrolled children. Our findings indicate significant geographic differences in accessibility for Hispanic children compared to other children, even after controlling for individual and service area characteristics.
Despite advances in prevention, dental caries (tooth decay) remains the most common chronic disease among children in the U.S. (DHHS 2000) . Five times more common than asthma (DHHS 2000) , 37% of children age 2-8 have a history of decay in their primary teeth (Dye 2015) .
Marked disparities in disease prevalence and severity exist based on racial or ethnic background and family income. Black and Hispanic children in the U.S. have greater prevalence of dental caries and untreated primary tooth decay is twice as high in these groups as in White children (Dye 2015) . Children living in poverty demonstrate marked disparities in oral health: 54% of children living at less than 100% of the Federal Poverty Level (FPL) have a history of decay and 33% have untreated decay (Dye 2007) .
Despite federally mandated coverage of dental care for low-income children through the Early Periodic Screening, Diagnosis, and Treatment (EPSDT) Program (HRSA 2012), utilization of dental services among Medicaid-enrolled children remains low. In 2010, approximately 22% of the approximately 250,000 children eligible for dental services through Iowa Medicaid received corrective dental treatment (IDPH 2011) .
Spatial accessibility is influenced by dentist availability and travel costs
Spatial accessibility is one dimension of access to health care and is shaped by local availability of providers and the travel costs associated with utilization (Guagliardo 2004) . One recent study of dental expenditures among Medicaid-enrolled children found higher rates of preventive visits in counties with higher dentist supplies (Beil 2012) . Another recent study of dental utilization among Medicaid-enrolled children with chronic conditions found that utilization of dental services was lower in counties with dental Health Professional Shortage 4 Area (HPSA) designations (Chi 2012) . While both studies examined the role of county urbanicity, other measures should be considered in order to evaluate the role of spatial accessibility.
Travel cost has been evaluated among Medicaid-enrolled populations and has been demonstrated to vary with urban or rural residence (Borders 2006; Agili 2005) . Travel barriers faced by the Medicaid population include extended travel times, transportation expenses, and lack of reliable transportation (Borders 2006; Mattheus 2010) . While previous research has examined relationships between spatial accessibility and medical care (Goodman 1994; Peipins 2011) , few studies have directly examined the effect of travel costs on receipt of dental services.
Service areas describe regional variations in utilization
The most common approach to examine variation in access to dental care is the use of fixed geopolitical boundaries, such as counties (Krause 2005; Mayer 1999; Saman 2010; Chi 2012; Susi 2002) . Using geopolitical units to approximate service areas offers several advantages, including ready availability of data. However, these units are arbitrary designations that do not necessarily correspond to actual markets for dental care. It has long been recognized that counties may not accurately describe local variations in culture, social capital, and availability of health care resources (Wennberg 1982) . In rural areas particularly, counties could be too small to capture the locations of providers and the populations that they serve.
Similarly, several studies have examined dental workforce distribution at the zip code level (Susi 2002; Horner 2007 ) -however, zip codes are typically too small to adequately capture patterns of local supply and demand. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   5 Service area analysis offers an alternative approach that addresses these limitations and can be used to evaluate geographic variation in health workforce supply, allocation of resources, and utilization of services. Several methods to define health service areas are routinely used in research (Baker 2001; Garnick 1987; Zwanziger 1990) . One straight-forward method defines service areas as the region encompassed by a circle of fixed radius around each provider. However, this method only measures potential access; it does not account for dentists' willingness to treat different populations (Garnick 1987) . This is especially important in dentistry, where dentists frequently limit their acceptance of young children or publicly insured individuals (Garg 2013; ADA 2008) . Additionally, applying a fixed radius across the landscape may be inappropriate for populations in rural or mountainous regions, who often must travel further for health care services (Baker 2001) .
A second option for service area analysis is a variable market area approach, which takes into account regional differences (Baker 2001; Garnick 1987; Zwanziger 1990 ). Variable market approaches are prevalent in health services literature where methods can vary based on research priorities. One such method involves varying the radius around a provider until it encompasses a certain percentage of the actual market population, as seen in a study of dental service areas for Medicaid-enrolled children in North Carolina (Mayer 1999) . However, that study was limited by its use of counties as the minimal unit of aggregation to assemble service areas.
Finally, one of the most common variable market approaches used to determine hospital and physician market areas is small area analysis (Goodman 2003; Klauss 2005 (Wennberg 1973; Wennberg 1982) . Despite the long-standing use of variable market analysis in health services research, applications in dentistry are lacking. One previous study (McKernan 2013a) has applied small area analysis to evaluate access to orthodontic services among Medicaid-enrolled children and adolescents in Iowa.
Study Aim
The two goals of this study were to (1) use methods of small area analysis to identify dental service areas for the pediatric Medicaid population in Iowa and (2) examine geographic variation in utilization of routine dental care within this framework. If local, contextual characteristics are found to be significantly associated with utilization, this research would support the importance of community-wide initiatives to improve access to oral health services for Medicaid-enrolled children.
MATERIALS AND METHODS

Data
We obtained data from Iowa Medicaid enrollment and dental claims files for calendar years (CYs) 2008 through 2010. The enrollment files contained information about each individual's date of birth, sex, race/ethnicity, eligibility program (e.g., based on income), zip code, and county of residence. The claims dataset included all claims submitted by general and pediatric dentists during the three-year period. Dental claims data included dates of service, providers' locations, and procedures performed. Procedures were identified using Current Dental Terminology (CDT) Codes (ADA 2010 
Study population
The inclusion criteria for this project required that an individual be between the ages of 3 through 18 years with continuous enrollment in the Iowa Medicaid program for at least 11 months within any CY from 2008-2010, which corresponds to the Health Effectiveness Data and Information Set (HEDIS) protocol requirement for children to be continuously insured for at for at least 11 months during the study period (AHRQ 2006) . Age was calculated at the beginning of this qualifying enrollment period. The study population was further limited to individuals eligible for Medicaid based on income eligibility requirements or through Supplemental Security Income (SSI). We excluded individuals eligible for Medicaid through foster care, those residing in medical institutions, and the medically needy population.
All claims submitted to Iowa Medicaid by a primary care dentist (i.e. general or pediatric dentist) on behalf of individuals who met the inclusion criteria were used to delineate dental service area boundaries. Medicaid enrollees (hereafter, "children") were required to have a residential zip code on file located in Iowa. Provider locations were not constrained to Iowa.
The final enrollment dataset contained 146,055 children who met the inclusion criteria during 2008 through 2010. The final claims dataset used to generate service areas included 247,245 dental claims submitted on behalf of 73,426 enrollees.
Outcome variable
The primary outcome of interest was having a routine dental visit during the study period (2008) (2009) (2010) . Routine dental visits were defined as having a periodic or comprehensive 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   8 oral evaluation (CDT D0120 or D0150), with or without additional preventive or therapeutic procedures from a pediatric or general dentist. Preventive procedures include services such as topical fluoride applications and pit and fissure sealants (D1000-1999); therapeutic procedures include services such as amalgam or composite restorations, root canal therapy, or other restorative procedures (D2000-9999). This definition was chosen to represent utilization of routine, comprehensive dental care focused on primary prevention and early treatment of dental disease.
Delineating service areas
Dental service areas (DSAs) were identified through small area analysis of patient origin and destinations, adapted from methods described by Wennberg and Gittelsohn (1982) and Goodman et al. (2003) . In the initial step, we generated child-level weights based on the proportion of dental visits from each residential zip code (origins) per child to each dentist zip code (destinations) where a child received care. These weights adjusted for multiple residential zip codes during the study period, children who received care from multiple providers, and limited bias that could be generated by heavy utilizers. A similar system of weighting was described by Goodman et al. (2003) in the process of identifying primary medical care service areas, although that study did not account for patients with multiple residential zip codes.
The child-level dataset was aggregated to the zip code level to sum the proportion of weighted care that occurred between each origin/destination dyad. DSAs were then generated by assigning origin zip codes to destinations based on where the plurality of primary dental care was provided. In instances of ties, the closest provider destination was selected based on 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 9 straight line distance, as calculated using nearest neighbor analysis in esri ArcView 10.0. DSAs are named by the main dentist destination (zip code) in the area.
In addition to plurality, several additional criteria were applied to delineate DSA boundaries. First, each dentist destination was required to serve a plurality of its own residential population. Second, we established a minimum population threshold of 50 Medicaid patients per service area in order to protect patient confidentiality and to produce more reliable statistics. Finally, we required that DSA boundaries form contiguous geographic areas, in keeping with previous variable market approaches to service area analysis (Goodman, 2003; Klauss 2005; Paul-Shaheen 1987; Rohrer 1987) . Identification of service area boundaries and geospatial calculations were performed in ArcView.
Service area variables
In order to explore the influence of spatial accessibility on dental utilization, we evaluated several service area characteristics. Service area variables primarily describe two dimensions of spatial accessibility: characteristics of the dental system, including dentist workforce, and characteristics of the physical environment that influence travel costs.
Dental system
Dentist supply
Several measures of dentist supply were calculated for each service area during CY 2010: number of dentists who saw any Medicaid patients, number of dentists who saw 25 or more Medicaid patients, total number of dentists (all specialties), and total number of primary care dentists (i.e., general and pediatric dentists). All dentist supply variables were expressed as the number of dentists per 10,000 total population. Information about the number of Medicaid 10 patients treated was extracted from the study claims dataset. Data about the total number of dentists per DSA were obtained from the Iowa Dentist Tracking System (UI OSCEP 2011).
Population estimates were obtained from the 2010 U.S. Census Bureau.
Utilization rates
DSA rates of dental utilization were included as a general measure of accessibility. Rates were calculated as the number of subjects per DSA who received any care from a primary dentist during the study period per 100 Medicaid enrollees. We hypothesized that higher rates of dental utilization in this population would be positively associated with the likelihood of receiving routine dental care.
Localization of care
In order to evaluate how well DSAs approximated market areas for this population, we calculated the percentage of care received by the study population in each DSA from dentists located in that area. Localization of health care services within a service area has been used alternately as a criteria for building service areas (Goodman 2003; Mayer 1999) and as a tool to quantitatively evaluate service area characteristics (Goodman 2003; Guagliardo 2004; Klauss 2005) . As a component of spatial accessibility, localization of care describes the extent to which patients can seek and receive care within their local market area. We hypothesized that this variable would be positively associated with utilization of routine dental care.
Other service area characteristics
Three variables were used to describe DSA physical environment: geographic area (square miles), perimeter-area ratio, and population density (per square mile). Residents living in geographically large service areas will have potentially greater average travel distances to 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 11 obtain care within the local service area, while perimeter-area ratio accounts for compactness of service areas. DSAs with elongated shapes and highly irregular borders, indicating potentially long travel distances, will have a high perimeter-area ratio (Helzer & Jelinski 1999) . We hypothesized that perimeter-area ratio would have a negative association with routine dental utilization. Population density is included here as a measure of service area urbanicity.
Child-level predictors
Individual covariate values were taken at the beginning of the study period. 
Statistical analysis
We hypothesized that children with increased spatial accessibility to dentists would be more likely to utilize routine dental care. Increased spatial accessibility occurs with greater regional workforce supply and lower travel costs (Guagliardo 2004) . Descriptive statistics of individual and DSA characteristics were generated. Bivariate associations between characteristics of the study population and routine dental utilization were assessed using Chi -3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 12 square tests. Hierarchical logistic regression was used to model the effects of individual and service area characteristics on receipt of routine dental care. Children (level 1, n=146,055) were nested within service areas (level 2, n=111). Modeling was conducted using NLMIXED in SAS.
Service area of residence was included in the model as a random effects variable in order to account for regional differences that could not otherwise be measured. We tested for collinearity in single level models by examining variance inflation factors, condition indices, and eigenvalues.
In order to examine the contribution of the state's largest metropolitan area to the model, we ran the multivariable model using only children from the four Des Moines service areas (n=20,540) and compared parameter estimates with the rest of the study population (excluding the Des Moines population).
Use of Medicaid enrollment and claims data was approved by the Iowa Medicaid
Enterprise. This study was approved by the University of Iowa Institutional Review Board. A significance level of p≤ 0.05 was used for all hypothesis testing.
RESULTS
Dental Service Areas (DSAs)
During 2010, a total of 640 dentists submitted at least one claim to Iowa Medicaid, which represents approximately 55% of the 1,160 primary care dentists in Iowa (UI OSCEP 2011). A total of 319 primary care dentists in Iowa (27.5%) each treated at least 25 Medicaid children during this one year period. Utilization rates within DSAs ranged from 20.1% to 75.9% (Table 1).   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   13 The initial zip code assignments based on plurality resulted in 139 crude service areas.
After adjustments, we identified 113 primary care DSAs for the Medicaid population in Iowa, ages 3 to 18 (Figure 1) . However, children in two DSAs received care primarily from dentists located out of state; these DSAs were excluded from statistical analysis since we lacked data about the dentist workforce outside of Iowa.
Although the number of Medicaid-enrolled children per service area ranged from 85 to 14,829, 50% of DSAs had 580 or fewer children ( Table 1) . Geographic size of DSAs ranged from 98 to 3,237 square miles. When compared to county size (n=99), mean geographic area of DSAs was slightly smaller (568 versus 493 square miles, respectively).
The number of primary care dentist destinations (ie, zip codes) per dental service area ranged from 1 to 14. Approximately 60% of DSAs were served by only one dentist destination within their boundaries. The Iowa City DSA in eastern Iowa had the highest number of primary care dentists treating the pediatric Medicaid population (n=64); 22 of these 64 dentists were affiliated with the University of Iowa College of Dentistry -the state's only dental school.
Overall, mean localization of care was 58.5% and ranged from 25.1% to 94.6% (Figure   1) . In this project, we did not set a minimum for localization of care. Other authors have established minimum values ranging from 30% (Goodman et al. 2003) to 75% (Mayer, 1999) .
Because our study is the first to identify primary care dental service areas through small area analysis, we chose not to set a minimum value for this. However, our mean rate of localization of care compares favorably with values obtained by previous medical service studies.
Characteristics of the study population
Approximately 46% of children in the study population had a routine dental visit during 2008 through 2010 ( Table 2) . A slightly greater proportion (50%, n=73,426) had a visit to a primary care dentist for any reason. Compared to the overall study population, children with a routine dental visit were significantly more likely to be female, White or Hispanic, enrolled for the entire duration of the study period (36 months), and live in more rural areas. See Table 2 for listing of all variables associated with routine dental visits.
Multilevel logistic regression
In the multivariable model, females had 9% higher odds of having a routine dental visit than males (Table 3) . Black children had 24% lower odds of having a routine dental visit than White children, while Hispanic children were slightly more likely than White children to have had a visit (OR=1.04; p=.046). Children living in small towns and rural areas were significantly less likely to have had a routine dental visit than children living in metropolitan areas; the odds of having a dental visit showed a negative trend as urbanicity decreased. Age and income (as measured by FPL) had negative relationships with dental utilization, while length of enrollment during the study period and during 2007 were positively associated with utilization.
As hypothesized, overall rates of dental utilization in a service area showed a significant positive association with the odds of an individual child receiving routine dental care. Although perimeter-area ratio of a service area demonstrated statistical significance, the parameter estimate for this variable was so small that the resultant odds ratio was essentially 1.00. No collinearity was noted in regression models. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 15 When children in the Des Moines metro area were excluded from the analysis, the resulting study population was comparable to the original population, with the exception of having a higher proportion of white children (57.6% vs. 54.6%). Parameter estimates and significance values in the two models were comparable, except for changes to the effects of race/ethnicity. Specifically, Hispanic children living in the Des Moines area had 87% higher odds of having a routine dental visit than White children living in that area (OR=1.87; 95% CI = 1.61, 2.18). However, for the rest of the state's population, Hispanic children were less likely to have had a routine dental visit (OR=.91; 95% CI = 0.87, .95). Children of "other" race/ethnicity (i.e. 
Sensitivity analysis: Des Moines metro area
DISCUSSION
This study examined associations between individual and service area characteristics and receipt of routine dental care among Medicaid-enrolled children. Assessing contextual influences at the service area level, as opposed to counties, allowed us to evaluate aspects of spatial accessibility using a geographical framework based on actual patterns of dental utilization among our study population. Several components of spatial accessibility that we considered -dental workforce supply and variables describing regional travel cost -failed to demonstrate statistically significant associations with utilization of routine dental care among Medicaid-enrolled children.
Two measures of spatial accessibility -DSA utilization rate and perimeter-area ratiodid demonstrate statistically significant relationships with utilization of routine dental care.
Service area utilization rates measured the total number of Medicaid enrollees in each service area that had a visit to a primary care provider for any reason. Perimeter-area ratio was included in this study as a measure of service area compactness. Generally, service areas with highly irregular borders or shapes will have higher perimeter-area ratios (Helzer 1999) and may indicate geographical fragmentation. Despite demonstrating statistical significance (p=.037), the association between perimeter-area ratio and routine dental visits appears to be of little practical significance. Future studies of dental service areas should consider additional measures of spatial accessibility, such as travel distances between patients and providers.
Localization of care, a variable that measures the extent to which children within a DSA are able to receive dental care within that area, failed to demonstrate significance in the multivariable model (p=.063). This variable, and several of the other DSA characteristics included in the final model, do not appear to influence children's receipt of routine dental care to the same extent that individual characteristics do. Further research is needed to examine whether other service area characteristics may be more appropriate for examining the effects of place on receipt of care.
Our finding from the multivariable model that children living in rural areas were less likely to receive dental care agrees with previous research (Beil 2012; Chi 2010; Chi 2012 ).
However, the interesting associations seen between race and utilization of dental care hint at 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 17 complex relationships that are worth further investigation. Non-white children in the state's major metropolitan area were more likely to receive routine dental care than White children; for non-white children living elsewhere in the state, the opposite relationships were seen, even after accounting for residential urbanicity. The low income children in our study population are more likely to belong to a racial or ethnic minority compared to the overall population of children in Iowa. In 2009, approximately 91% of 3 to 18 year olds in Iowa were White, compared to 55% of the children with known race in our study population (State Data Center of Iowa, 2010).
Interestingly, several variables describing spatial accessibility were not significantly associated with routine dental utilization. There are several possible explanations for these results. First, spatial accessibility may not pose a major barrier to the receipt of routine dental care among this study population. Previous research in Canada has shown that geographic accessibility (i.e. travel time to medical care) is less of a burden to rural residents than urban dwellers -perhaps related to expected, everyday travel demands for rural residents (Haggerty 2014) . It is also possible that the variables we chose to measure spatial accessibility did not adequately capture this dimension of accessibility; future studies should include information about travel time, such as distance to the nearest provider.
Finally, the primary care DSAs used as the spatial unit of analysis may not be appropriate to evaluate regional effects on patterns of utilization. However, our measure of market capture -localization of care within a service area -suggests that these service areas describe local patterns of utilization in Iowa more accurately than counties.
The differences seen among the Des Moines metro population compared to other areas in the state, along with non-significant associations between various aspects of spatial accessibility and utilization, hint at provider-sided barriers to care. A recent survey of dentists in Iowa showed that even though 58% of dentists report accepting at least some new Medicaid patients, only 16% of dentists accepted all new Medicaid enrollees as patients (McKernan 2015) .
Increasingly, public programs aim to improve oral health through community-based initiatives, including care coordination and educational programs. This study identified dental service areas based on primary dental care among a low income population and hinted at potential relationships between contextual characteristics and the receipt of routine dental care. Additional studies are needed to further our understanding of how geography affects utilization of dental care .   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   19 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Table 1 . Characteristics of primary care dental service areas (DSAs) (N=111) † Dentist supply variables are expressed as the number of dentists per 10,000 total DSA population. ‡ Mean distance to primary destination was weighted by the number of Medicaid enrollees per zip code. Title: Geographic variation of dental utilization among low income children Highlights:
Domain
 Spatial accessibility of dental care was examined among low income children.  Dental service areas were defined using a modified version of small area analysis.  Rural residents were less likely to receive routine dental care.  The effects of geography were most pronounced among Hispanic children.
